Daily estimations of hemispheral cerebral blood flow using the xenon-133 inhalation technique were made in 116 patients during the first three weeks after subarachnoid haemorrhage. The patients' cerebral perfusion on average remained less than the normal perfusion expected for their age (based on a single estimation of cerebral blood flow in 67 volunteers). On each separate day after subarachnoid haemorrhage cerebral blood flow was inversely related to the patient's age.
Introduction
Patients who survive a subarachnoid haemorrhage may suffer further disability or death from recurrent haemorrhages or cerebral ischaemia.'-4 Cerebral ischaemia may occur, especially during the first two to three weeks after subarachnoid haemor- pointing towards the middle of the cranial cavity. The clearance of 133Xe was also recorded from the expired air. Cerebral blood flow (ml blood/100 g brain/min) was determined using nomograms"' for deconvolutional analysis of the Xe clearance curves. With this technique cerebral blood flow is estimated for a fairly large cone of cerebral tissue, including grey and white matter, underlying an extracranial detector.12 13 By using the two detectors cerebral blood flow was estimated 6 (27) 6 (27) 10 (45) j30-34-5 In considering clinical outcome we excluded 11 patients-namely four whose deaths followed directly from surgical mishap (aneurysmal rupture during operation), four whose deaths were due to spontaneous recurrent haemorrhage (confirmed by lumbar puncture or computed axial tomography of the brain or both), and three whose eventual outcome could not be traced.
Relation with time after haemorrhage
On most-days the patients studi-ed included some who had undergone angiography and a few who had undergone surgery for aneurysm during the previous few days. No patient studied on day 2, however, had undergone either procedure, and only two of those studied on day 3 had undergone angiography. On each of these days the association between mean cerebral blood flow and age was strong (all patients regardless of drug group: on day 2 n = 46, r = -071; on day 3 n = 50, r = -065). Figure 2 shows values of mean cerebral blood flow on day 5; the scatter was typical of that occurring on other days. On the whole, regression lines for days [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] (fig 3) were roughly parallel.
There was a progressive downward trend in mean cerebral blood flow during the first week after subarachnoid haemorrhage, a trend observable for each of the three drug groups considered separately.
The linear relation between mean cerebral blood flow and age was similar in both the patients and controls (similar slopes of regression lines in fig 3) , but after subarachnoid haemorrhage cerebral blood
Relation with age
The outcome was less good in patients aged 50-66 years than in patients aged 20- flow in each patient. When all patients were considered regardless of drug treatment very low cerebral blood flow was linked with poor clinical outcome whether patients were young or old and was more common in the older patients. When the lowest mean cerebral blood flow was >30 ml/100 g/min the outcome tended to be better, but the older patients were less likely to have an excellent outcome than those who were younger. These observations remained the same when patients who received no drugs were studied on their own.
Discussion
Our findings in normal subjects studied under resting conditions confirm that cerebral blood flow falls with advancing age. 10 16-18 In particular, the values of normocapnic cerebral blood flow and its decline with age were similar to results obtained by others using the same method for calculating cerebral blood flow. 16 Our results indicate that cerebral blood flow falls progressively below normal during the first week after subarachnoid haemorrhage and remains abnormally low for at least another two weeks. For each separate day during this period the oldest patients tend to have the lowest cerebral blood flow. We found this to be so whether patients were treated with adrenergic blockade, tranexamic acid, or neither of these. Treatment with adrenergic-blocking drugs or tranexamic acid did not selectively depress the cerebral blood flow of the older patients.
This study supports the view5-8 that subarachnoid haemorrhage is more likely to have a poor outcome in older patients. Even when cerebral blood flow was relatively preserved (lowest mean value >30 ml/100 g/min) the overall outcome was worse in patients aged over 50, which suggests that age-related factors other than resting cerebral blood flow may influence the clinical result. The relevance of cerebral blood flow, however, seems beyond question. Whether patients were young or old, very low mean cerebral blood flow (<30 ml/100 g/min) was associated with a poor,clinical outcome. Such very low values occurred more commonly in the older patients. This suggests that the occurrence of very low flow is important in determining the association between clinical outcome and age.
The level of cerebral blood flow that is critical for neurological function depends on factors such as the speed with which the flow falls, the period for which it remains low, the part of the brain affected, and the state of cerebral metabolism. As cerebral perfusion falls below 20 ml/100 g/min, however, rapid changes in neurological function occur that may progress to neuronal death.'9-22 By lowering cerebral blood flow subarachnoid haemorrhage reduces the margin that normally exists between a subject's cerebral blood flow and the ischaemic threshold. In general, older patients come closer than younger patients to the threshold for cerebral ischaemia. Subarachnoid haemorrhage is also associated with impairment of the cerebrovascular reactivity (autoregulation) that normally prevents cerebral blood flow from falling when cerebral perfusion pressure is reduced."" When autoregulation is lost after subarachnoid haemorrhage cerebral blood flow may fall further if systemic blood pressure is reduced, whether spontaneously or as a result of therapeutic measures, or if there is narrowing ("vasospasm") of intracranial arteries. In such circumstances patients who are old would be more vulnerable since their cerebral blood flow would have less far to fall before reaching the ischaemic threshold.
What are the clinical implications ? Physicians faced with patients after a recent subarachnoid haemorrhage are concerned with their initial management and subsequent referral to a neurosurgical unit. Some workers advise that the likelihood of further bleeding from an (unclipped) aneurysm may be reduced by deliberately lowering the arterial blood pressure. 28 -30 This measure, however, may lead to cerebral ischaemia, especially in older patients, who, with their cerebral blood flow already low after the haemorrhage, are particularly vulnerable to the added effects of hypovolaemia and hypotension.
Whatever the patient's age, the risk of recurrent haemorrhage from a ruptured aneurysm is best countered by operative treatment of the aneurysm, provided that the patient is fit for surgery. In managing older patients (before, during, and after surgery) it should be remembered that the low (and falling) cerebral blood flow may well be a major factor in determining the outcome. Accordingly, particular care should be taken to avoid prolonged hypotension during surgery, to ensure good hydration at all times, and to ensure adequate pulmonary function (brains at risk from ischaemia should not be further threatened by hypoxia).
Ideally, surgery for a ruptured aneurysm should be performed soon after the initial subarachnoid haemorrhage to pre-empt recurrent haemorrhage and at a time when the risk of operative complications such as ischaemia is acceptably low. In individual patients the progressive fall in cerebral blood flow during the first week or two after subarachnoid haemorrhage may ultimately render the blood flow sufficiently low to compromise operations for ruptured aneurysms or to impair the clinical state so that surgery is deferred (with the risk that further haemorrhage will occur during the delay). This On admission haemoglobin concentration was 9-7 g/dl (normochromic). Biochemical profile was normal except for a raised alkaline phosphatase activity of 768 IU/1, fasting calcium concentration 2-56 mmol/l (10-3 mg/100 ml), and calcitonin concentration 0-1 Hg/l (normal <0-08 tLg/l). Twenty-four-hour urine total metanephrines were 340 tLmol/24 hours (63 mg/24 hours; normal < 7 pmol/24 hours (< 1-3 mg/24 hours)) (metanephrine 39 5 umol/24 hours (8 mg/ 24 hours), normetanephrine 300 pmol/24 hours (55 mg/24 hours)).
Radiographs and results of ultrasonography were equivocal, but bone images (technetium-99m-labelled (methylenediphosphonate) showed widespread metastases. Liver images (99Tcm-sulphur colloid) showed no focal deposits but suggested a mass above the right kidney. Selective venous sampling was of no help in localising the tumour. Plasma noradrenaline concentration ranged from 5-6 to 12-0 jig/l (normal <1 tg/l). Disseminated malignant phaeochromocytoma was diagnosed. Histological confirmation from bone biopsy was not sought because of the risk of pathological fracture. Chemotherapy or radiotherapy was considered not to be indicated. Treatment with phenoxybenzamine 100 mg and propranolol 40 mg, both four times daily, and various analgesics resulted in moderately good control of the pain and cardiovascular symptoms, and she was discharged. Two months later she was readmitted with increased bone pain and postural hypotension.
Meta-iodobenzylguanidine was prepared as described by Wieland et al.1 Animal toxicity studies in 32 Sprague Dawley rats showed no ill effect from 1200 times the imaging dose intended for man. Metaiodobenzylguanidine was labelled with 131I and administered intravenously. Gamma-camera images showed bilateral adrenal tumours, widespread bone uptake corresponding to the metastases shown on the bone images, and uptake in the liver corresponding to focal metastases present on repeat liver images (figure).
Phaeochromocytoma is rare, occurring in about one in 10 000 of the general population. The 
